Pathologic fractures of the proximal femur resulting from primary bone sarcomas are often difficult to treat and some are often not recognized resulting in inappropriate interventions prior to the correct diagnosis being made. The aim of the study was to identify factors determining the survival after pathologic fractures of the proximal femur resulting from nonosteogenic primary bone sarcomas.
Introduction
Primary bone sarcomas of the proximal femur are rare. There are many reports on primary bone sarcomas and pathological fractures [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] . 5%-10% of the patients with a primary bone sarcoma present with a pathological fracture [14] . A pathologic fracture can be the presenting feature or can occur during treatment. Progressive loss of bone, biopsy, and minor trauma are some of the reasons for pathologic fracture. Pathologic fractures of the proximal femur pose particular problems because the fracture hematoma (which should be considered to contain tumor cells) may either be intracapsular, thus contaminating the hip, or extra capsular when there is likely to be widespread contamination of surrounding tissues. Management is difficult because immobilization of the fracture with traction does not eliminate continued movement at the fracture site during preoperative chemotherapy and it may increase the risk of wider local spread and possibly metastases. Pathologic fractures of the proximal femur due to metastases are not uncommon and fractures due to a primary bone sarcoma are often not recognized resulting in inappropriate interventions and the purpose of our study was to identify the factors determining the survival after pathologic fractures of the proximal femur resulting from nonosteogenic primary bone sarcomas [chondrosarcoma, Ewing's sarcoma and spindle cell sarcoma]
Patients and Methods
We retrospectively reviewed all 72 patients diagnosed and treated for nonosteogenic primary bone sarcoma of the proximal femur with a pathologic fracture between 1978 and 2008.
Patients were identified through an institutional database. We included intracapsular, intertrochanteric, and subtrochanteric fractures in the study. During the study period 340 tumors out of a total of 3173 primary bone sarcomas were located in the proximal femur (11%). Thirty-four of 117 patients with chondrosarcoma of the proximal femur had a fracture M A N U S C R I P T
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(29%), 25 of 100 with a spindle cell sarcoma had a fracture (25%), and 13 of 69 patients with Ewing's sarcoma had a fracture (19%). Ten of the 72 patients were referred after unplanned surgery (four had THR and six had internal fixation). The mean age was 49 years. The diagnoses were chondrosarcoma in 34, spindle cell sarcoma in 25 and Ewing's sarcoma in 13.
Sixty patients had a pathologic fracture at diagnosis and 12 patients had a fracture after the diagnosis. Ten patients had metastases at diagnosis. Twenty-one patients had an intracapsular fracture. The Patient, disease and treatment characteristics are illustrated in Table 1 .
Limb salvage was possible in 48 patients (67%), 13 patients had an amputation, and 11 patients had palliative treatment. Twenty-four patients were referred after an unplanned surgery. The mean follow up was 55 months (range, 0-302 months). No patients were lost to follow up.
All had staging studies with routine hematological and biochemical investigations, bone scan, MRI scan of the proximal femur, and CT of the chest (Fig 1) . Tissue diagnoses were obtained in all patients, usually by needle biopsy.
Before operation, the fractures were immobilized by traction with the patient being on bed rest. The patients were offered preoperative chemotherapy according to the protocol in use at the time. In general, most patients younger than age 60 years with a diagnosis of Ewing's sarcoma and spindle cell sarcoma were offered neoadjuvant chemotherapy and were then restaged before a decision was made about surgery. Patients older than age 60 years usually had surgery (if possible) without chemotherapy.
The decision as to the operation to be undertaken to control the local disease was based on the local extent of the tumor as seen on the imaging scans, the response to preoperative chemotherapy, and patient preference. Proximal femoral endoprostheses (Fig 1) , hip disarticulation, hindquarter amputation, and palliation were the treatment options.
We analyzed patient, tumour, and treatment factors in relation to overall survival. Differences between groups were assessed using Mann-Whitney U test. Survival was estimated using M A N U S C R I P T
Kaplan-Meier survival curves with patients censored at the time of last follow up. We used Stat view software for all analyses.
Thirty-four patients had chondrosarcoma. There were 19 males and 15 females. The mean age was 60 years (range 29-81 years). Seven patients were aged 50 years or younger, whereas 27 were older than 50 years. Six patients had a dedifferentiated chondrosarcoma and all of them were older than 50 years of age. Eight patients had low-grade tumors and 26 had intermediate, high-grade, or dedifferentiated tumors. Twenty-eight patients presented with a pathologic fracture and six patients sustained a fracture after the diagnosis. Only two patients had metastases at diagnosis. Ten patients had a fracture involving the hip. Twenty-one patients were treated with a proximal femoral endoprosthetic replacement, one patient had a total femur arthroplasty, two patients had hip disarticulation, and two patients had hindquarter amputation. Three patients who had a THA and three patients who had an intramedullary nail performed elsewhere did not have further surgery. Two patients had palliative treatment.
Results
The overall 5-year survival rate was 44% (Figure 2 ), but this varied widely depending on the diagnosis. The estimated 5-year survival for Ewing's sarcoma was 60%, non dedifferentiated chondrosarcoma was 57%, spindle cell sarcoma 30%, and dedifferentiated chondrosarcoma was 0%. Comparing the survival between dedifferentiated chondrosarcoma and other diagnoses showed that the survival was significantly worse p=0.005 ( Figure 3 ). Comparing survival between spindle cell sarcoma and other diagnoses showed that the survival was significantly worse p=0.008. For the whole group, there was no difference in survival relating to the timing of the fracture, site of the fracture, age at diagnosis, surgical margin, local recurrence, or limb salvage or amputation ( Table 2 ). The estimated 5-year survival rate was 57% for non dedifferentiated chondrosarcoma. There were no 5-year survivors with a dedifferentiated chondrosarcoma (mean survival 8 months; range, 3-18 months). The estimated 5-year survival rate for spindle cell sarcomas was 30%. Survival of patients with M A N U S C R I P T
A C C E P T E D ACCEPTED MANUSCRIPT
spindle cell sarcoma was not influenced by previous treatment, metastasis at diagnosis, location of the fracture, local recurrence, or amputation ( Table 2 ). The estimated 5-year survival rate for Ewing's sarcoma was 60%. The four patients who had a good response to chemotherapy (greater than 90%) are alive (13, 73, 117 and 291 months after the diagnosis).
Survival with Ewing's sarcoma was not influenced by previous treatment, metastasis at diagnosis, location of the fracture, response to chemotherapy, local recurrence, or amputation.
Discussion
Pathological fractures of the proximal femur due to non-osteogenic sarcoma are rare.
Previous studies have identified a proximal location as having a poor prognosis [2] and other studies have suggested that a pathological fracture has a poor prognosis [3] . Pathologic fractures of the proximal femur due to metastases are not uncommon and fractures due to a primary bone sarcoma are often not recognized resulting in inappropriate interventions. The 
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recurrence was 24% in the present series but this was not found to be a significant factor affecting survival.
Twenty four patients (33%) were referred after surgery prior to the diagnosis being made and this will also increase tumor dissemination. The preferable management of a pathological fracture in primary bone sarcoma is to immobilize the fracture, establish the diagnosis and administer chemotherapy, if indicated, in the hope that the fracture will heal and the fracture/tumor haematoma will become walled off, thus allowing limb salvage [6] . In the proximal femur immobilization is difficult if not impossible either with traction or bed rest alone. If the fracture is internally fixed then this does allow the patient to be mobile while treatment is considered but on the other hand it will result in more widespread contamination of normal tissues and will then require even more extensive surgery to ensure clear margins can be obtained. Amputation may be the only safe option following inadvertent fixation of a proximal femoral pathological fracture, although the patients who had an amputation had no survival advantage in the present study compared with limb salvage surgery. It is also difficult to advise the best treatment [14] for those patients who are referred after inadvertent hip replacement for a chondrosarcoma or a spindle cell sarcoma with a pathological fracture involving the hip joint. Often they are over 50 years and the option of a modified hindquarter amputation aiming to achieve clear margins may appear drastic when there is a functioning joint replacement. Attempts at limb salvage may not always provide clear margins as a result of wide contamination. Nevertheless previous surgical intervention was not a significant prognostic factor in the present study.
Pathological fractures due to dedifferentiated chondrosarcoma [3, 5] and spindle cell sarcoma carry a significantly worse prognosis due to the aggressive nature of these tumors.
A report [6] on 31 patients with a pathological fracture due to primary bone sarcoma included seven patients with proximal femoral fractures. It was noted that limb salvage surgery was safe if adequate resection margins were obtained. Another study [3] from our centre reported M A N U S C R I P T
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on pathological fractures due to primary bone sarcomas (all locations) found that the overall survival was worse in patients with a fracture in osteosarcoma and chondrosarcoma and not Ewing's sarcoma. A report [8] on 35 patients with pathological fracture due to Ewing's sarcoma showed that the survival was 60% at 10 years and a pathological fracture a was not a negative prognostic factor for survival. These findings are similar to the present series indicating that pathologic fractures in Ewing's sarcoma do not adversely affect survival.
Local control is important in chondrosarcoma which is resistant to chemotherapy. A report [11] on 227 patients with chondrosarcoma of whom 46 had a pathological fracture, found that the pathological fracture did not influence the oncological outcome. Patients with a fracture had a lower survival rate, but this was related to the grade of the tumor. Another study [7] reporting on 153 patients with chondrosarcoma found that extra compartmental spread, development of local recurrence and high grade tumors were independent risk factors for survival. In the present study, the only factor to affect survival for chondrosarcomas was dedifferentiation.
Given the rarity of proximal femoral fracture in primary bone sarcoma, providing evidence based guidelines are likely to be difficult but based on our results thus far we suggest the following: We believe that pathological fractures of the proximal femur should be avoided if possible. Any fracture of the proximal femur which occurs after minor trauma, with radiological evidence of a pre-existing lesion which is solitary on bone scan with no previous history of cancer should be referred to a tertiary centre for biopsy and appropriate management. If there is an extensive lytic process likely to lead to fracture following biopsy, early surgery should be considered, possibly doing a frozen section and being prepared to do a proximal femoral replacement using a modular endoprosthesis [4] 
